The chemical composition, antioxidant, antimicrobial and insecticidal properties of essential oil obtained by hydro-distillation from Bubonium imbricatum Cav. have been investigated. The essential oil of aerial parts was analyzed by GC-FID and GC-MS. A total of 63 compounds were identified representing more than 82% of the oil. The major components were cis-chrysanthenyl acetate (31.2%) and thymol isobutyrate (3.4%). The antioxidant activity was evaluated by the DPPH and reducing power test. The data showed moderate activity compared with the reference compounds. Our results showed strong activity of the investigated oil against all tested microorganisms. The highest antibacterial activity was observed against Bacillus subtilis (inhibition zone= 18 ± 0.21, MIC= 0.18 mg/mL). In general, Gram-positive bacteria were more susceptible than Gram-negative ones. Candida parapsilosis was the most sensitive among the Candida strains tested. LD 50 and LD 90 values were 33.1 and 53.1 ppm against 1-d-old larvae of Aedes aegypti L.
Among plant products, essential oils (EOs) are of great interest in food, cosmetic and pharmaceutical preparations because of their relatively safe status and their wide distribution in aromatic plants. Recently , research has been focused on the biological activities of EOs such as antioxidant, anti-diabetic, antibacterial, and insecticidal [1] [2] [3] . In fact, essential oils and other aromatic compounds have shown beneficial effects and are used not only in soaps, perfumes, and cleaning products, but also for seasoning foods and drinks [4, 5] .
Morocco has a rich flora with endemic rates equal to 878 species representing 22% of the national inventory [6, 7] . Within a research project to investigate Moroccan medicinal plants, we have been interested in Bubonium imbricatum(Cav.) Litard, (Asteraceae), locally known as "Alghanbaz or Jamra", an endemic plant of south western Morocco (Essaouira region), on the oceanic coast in the area dominated by sandy soils. Previous study of the EOof this species on agricultural pathogenic fungi demonstrated a strong activity against Penicillium digitatum, P. expansum and Botrytis cinerea. [8] To the best of our knowledge, this study represents the first report on the antibacterial, antioxidant and insecticidal activity of the EO of Moroccan B. imbricatum. Therefore, our primary objective was to investigate the chemical composition and biological activities of its EO. The oil yield was 0.23% (w/w) based on the dry weight of the plant. The EO is a pale yellow liquid with an odor representative of the species. The results of the analysis by GC and GC-MS for the collected oil are presented in Table 1 . Sixty-three components were identified, representing 82.2% of the total oil.
The EO of the aerial parts was characterized by high amounts of oxygenated monoterpenes (61.4%), mainly cis-chrysanthenyl acetate (31.4%), with a significantly lower amount of thymol isobutyrate (3.4%); monoterpene hydrocarbons were found in lesser amounts (0.1-0.2%), and twenty-two sesquiterpenes were found totaling 21.1%.
These results are different from those obtained by Alilouet al. [9] who examined the chemical composition of EOs of aerial parts of B. imbricatum collected in Cap Ghir, 60 km from Agadir. They found 51 constituents representing 58.0% of the total oil. The principal compounds were thymol isobutyrate (18.3%), 2,5-dimethoxy-pcymene (16.2%) and only 8.2% ofcis-chrysanthenyl acetate. On the other hand, in comparison with other species of the genus, like B. graveolens from the Algerian Sahara [10] , a big difference in the composition of the EOs was found. 1,8-Cineole and δ-cadinol were found to be the major compounds. This difference in the chemical composition of the two species originating from two different areas is due to environmental factors. This is not abnormal since the EO composition varies depending on sites and the time of harvesting [11] . However, both studies showed the dominance of oxygenated monoterpenes and sesquiterpenes, while monoterpene hydrocarbons were present in very small quantities. It has been reported in the literature that EOs containing monoterpene hydrocarbons, oxygenated monoterpenes and sesquiterpenes have great antioxidant properties [12, 13] . Several scientific studies have shown EOs as an important source of bioactive compounds, in particular as antibacterial agents, as they show promising activity against a variety of microorganisms [14] .
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The antimicrobial activity of B. imbricatum EO was tested qualitatively and quantitatively by two methods in order to determine the inhibition zones, MIC, MBC and MFC.
As shown in Tables 2 and 3 , the EO of B. imbricatum exhibited strong activity against most tested microorganisms with inhibition zone diameters ranging from 8 to 18 mm and 8 to 16 mm respectively for bacteria and Candida. The MIC values (Table 2) showed that the Gram-positive bacteria were most sensitive at low concentrations ranging from 0, 18 to 0.375 mg/mL. It is noteworthy that Gram-positive bacteria were generally more sensitive than Gram-negative bacteria [15] . The highest zone of inhibition of 18 mm was registered for Bacillus subtilis. This result was confirmed by the quantitative method with the lowest value of MIC (0.18 mg/mL). However, Pseudomonas aeruginosa was inhibited at a high concentration of the oil (6 mg/mL). The MIC values for the Gram-positive bacteria are near to that of kanamycin.
The MIC values for Candida (Table 3) showed that all tested yeasts were sensitive to B. imbricatum oil at doses varying from 0.18 to 0.375 mg/mL. C. parapsilos was the most sensitive strain with a MIC value of 0.18 mg/mL. In some cases, the MIC values of bacteria and Candida were equivalent to the MBC and MFC values, respectively. This study has also shown that the EO of B. imbricatum possesses strong antifungal activity. The results are consistent with those obtained by Alilou et al. [9] . 
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Natural Product Communications Vol. 11 (11) Natural products with dual efficiency in preventing oxidation and antimicrobial properties have potential for use in cosmetics and pharmaceuticals, and for food protection. The results of the present study revealed that B. imbricatum EO has high antimicrobial potency, moderate mosquito larvicidal activity and relatively moderate antioxidant activity. Thus, the EO can be considered as a new and potential source of natural antioxidant and antimicrobial agents. However, a toxicity study of the EO is warranted before its use. Moreover, further research is required to elucidate the exact mode of action as well to determine the safety of the long-term use of high doses toward non target organisms in order to expand their incorporation in practical use. 
Experimental

Isolation of essential oil:
The plant material (leaves, flowers and twigs) was subjected to hydro-distillation using a Clevenger-type apparatus for 4 h until total recovery of oil. The extraction was performed 3 times (3 x 400g). The oil (light brown with a strong odor) obtained was dried with anhydrous sodium sulfate, weighed and stored at −21°C for further use.
GC-FID and GC-MS:
The oil was analyzed by GC-FID and GC-MS using a Thermo Scientific Trace GC Ultra with 2 split/splitless injectors and a FID detector coupled with a Thermo Scientific ISQ single quadrupole mass spectrometer, equipped with a fused silica capillary GC column: 50 m x 0.25 mm x 1.0 m SE-52; carrier gas: 1.5 mL He/min constant column flow. The injector, MS interface, ion source and FID temperatures were 230°C, 250°C, 150°C and 250°C, respectively. Essential oil samples (0.1 µL) were injected neat at a split ratio of 1/100. The column temperature was held at 60°C for 1 min, and then raised to 230°C at 3°C/min, finally isotherm for 13 min. operating in electron impact mode at 70 eV with a scan mass range of m/z 40-500.
Identification of components:
The identification of the chemical components of the EO was accomplished on the basis of their retention indices (RI) [16] , and then determined by comparison of their mass spectral profiles with those stored on the MS library (NIST) [17, 18] . The quantification of the identified compounds was computed from the FID area percent normalization [19] .
DPPH radical-scavenging activity:
The capacity of the EO to reduce the radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) was assessed using the method of Masuda et al. [20] . The scavenging activity of the EO was evaluated according to the formula:
A0 is the absorption of the control at 30 min. A1 is the absorption of the sample after 30 min. The test was repeated 3 times and the IC 50 values were expressed as mean ± SD.
Reducing power test:
The reducing power of the essential oil was determined by the method described by Diaz et al. [21] .
Antimicrobial assay: The antimicrobial assay of the essential oil was carried out using agar diffusion (NCCLS) and broth microdilution methods against 6 bacterial and 4Candida strains.
Agar diffusion method:
The disc diffusion method was conducted to evaluate the antimicrobial activity of the EO according to NCCLS [22] . Discs impregnated with sterile distilled water and others containing antibiotics (kanamycin and fluconazole 10 g/disk for bacteria and Candida, respectively) served as negative and positive control.
Determination of the minimum inhibitory concentration (MIC):
The broth micro-dilution method was used according to the NCCLS [22] .
Mosquito larval bioassays:
Bioassays were conducted to test B. imbricatum EO for its larvicidal activity against Aedes aegyptiby using the bioassay system described by Ali et al. [8] . Permethrin was used as positive control.
Statistical analyses:
LC 50 values for larvicidal data were calculated by using SAS, Proc Probit. [23] . Control mortality was corrected by using Abbott's formula [24] .
